Many metazoan embryos develop via highly stereotyped cleavage programs allowing individual blastomeres to be followed through development. The polychaete annelid Capitella teleta (formerly Capitella sp. I) exhibits a highly stereotypic spiral cleavage program, and has been the recent focus of several developmental studies aided by a fully sequenced genome. Spiral cleavage produces a wide range of body plans and structures and allows homologous cells to be recognized across taxa. Fate mapping in polychaetes has lagged behind other spiralian taxa due to technical limitations. Using DiI and confocal microscopy, we injected individual blastomeres through the 32 cell stage and present a fate map of the ectoderm and central nervous system here. Similar to other studied spiralians, in C. teleta, the majority of anterior, unsegmented ectoderm is generated by first quartet micromeres (1q 1 ) while the majority of segmented, trunk ectoderm is generated by the 2d micromere. Each of the two brain lobes comes from a distinct cell at the 8 cell stage, and the ventral nerve cord arises from 2d. Furthermore, a small population of dorsal cells in the brain of C. teleta arises from 2d and may migrate anteriorly along the circumesophageal connectives. In mollusks, which also develop by spiral cleavage, there are descriptions of anterior ectodermal cells migrating to join ganglia in the body, but not of trunk ectodermal cells migrating into the brain. In conclusion, our results provide a powerful tool for understanding the development and evolution of structures and provide the needed framework for functional studies in C. teleta. Based on work in arthropod and chordate developmental model systems, the first step to form a central nervous system is specification of a region of ectoderm competent to form neural tissue. Antagonism of BMP (Dpp, Drosophila) in the presumptive neuroectoderm by proteins such as Chordin (Sog, Drosophila) is a remarkably conserved mechanism for this process. Studies of axial patterning in the hemichordate Saccoglossus kowalevskii have demonstrated the presence of a dorsal-ventral axis marked by BMP and Chordin, yet the early specification of nervous system does not involve segregation of neuroectoderm; neurons are intermingled with epidermal cells. Furthermore, over expression of BMP does not inhibit the specification of neuronal cell fate. Hemichordates are the sister group to echinoderms and closely related to chordates and thus are in a key phylogenetic position to give insights into early deuterostome evolution and the origin of the chordate central nervous system. However, they also offer a unique opportunity to study the developmental basis of an alternate neural system organization that contrasts with the segregated and centralized systems, characterized from other model systems. The long term goal of this work is to determine how the specification of a diffusely organized neuronal cell population is achieved independent of the conserved BMP/Chordin antagonism. Here, we investigate the role of two critical signaling pathways in chordate and/or Drosophila neural specification, FGF and Notch to begin to define the mechanisms essential in the evolution of the nervous system in deuterostomes. Proneural genes function as critical regulators of neurogenesis in bilaterian model systems. Thus, establishing a neurogenic role for proneural genes in cnidarians, the sister clade to the bilaterians, will provide a foundation to study the mechanisms leading to the bilaterian centralized nervous systems from a simple cnidarian nerve net. We are using the model cnidarian Nematostella vectensis, to investigate four homologs of the achaete-scute proneural family of bHLH transcription factors (NvashA-D). Individually microinjecting mRNA encoding each Nvash gene induces embryonic expression of the neural marker NvanthoRFamide. However, only NvashC is expressed in a spatio-temporal pattern similar to NvanthoRFamide. Conversely to misexpression, injection of a translation blocking MO against NvashC decreases both NvanthoRFamide cell number and expression levels. Expression patterns for NvashA and NvashB genes overlap with NvashC expression at larval stages, suggesting that NvashA, B, and C act redundantly in larval neurogenesis. NvashD is expressed in lateral edge of the mesenteries, where cnidocytes are believed to originate. Cnidocytes are a cnidarian specific neural cell type. Thus, NvashD may regulate cnidocyte neurons. Together, our data suggest that proneural bHLH transcription factors regulate cnidarian neurogenesis, and thus provide a crucial molecular link to act as a springboard for future evolution and development studies between the bilaterian central nervous system and the cnidarian nerve net. doi:10.1016/j.ydbio.2010.05.393
